Alignment for whole-genome sequencing. For each single cell or bulk sample, sequencing reads were adapter-and quality-trimmed using Trim Galore (version 0.3.7). Reads before and after trimming were subjected to quality checking using FastQC (version 0.11.4). The trimmed reads were aligned to the human reference genome (build 37) using BWA MEM (version 0.7.10) (1). Sequence duplications were removed using samtools (version 0.1.19) (2). The alignment was further indel-realigned based on known indels from the 1000 Genomes Project (phase I) (3), and their base quality scores were recalibrated based on known indels from the 1000 Genomes Project (phase I) and SNVs from dbSNP (build 144), both using GATK (version 3.5.0) (4). The somewhat uneven depth of the reads across the genome for the single cells as compared to bulk DNA is due to some level of locus bias of the MDA reaction (SI Appendix, Table S1 ). This is well-documented (5), but does not affect variant calling with SCcaller (6).
5 1.119) . FPKM values of gene expression were calculated using cufflinks (version 2.2.1) with gene annotation from ENSEMBL database (GRCh37.73)(24). Finally, genes with FPKM consistently larger than 1 in all four samples are considered as transcribed, and the other genes untranscribed.
ATAC sequencing. ATAC sequencing was performed on fresh B lymphocytes from F1 and M2 donors. Libraries were prepared as described (25) . Briefly, to isolate nuclei, we spun 25,000 B cells and washed once with cold PBS. Cells were lysed using 10 mM Tris-HCl, pH 7.4, 10 mM NaCl, 3 mM MgCl2, 0.1% IGEPAL CA-630 (26). The nuclei pellet was re-suspended in transposase reaction mix, including 25 μl of 2xTD buffer and 2 μl of Tn5 transposase (Nextera DNA Library Prep Kit, Illumina) and incubated for 30 min at 37°C. After transposition, the fragmented sample was purified using the MinElute PCR Purification Kit (Qiagen) and subsequently PCR-amplified, (10 ul of transposed DNA, 5 µl of nuclease-free water, 5 µl of primer N70#, 5 µl of primer N50#, 25 µl of NEB High Fidelity 2 x PCR Master Mix). PCR conditions were 72 °C for 5 min; 98 °C for 30 s; and five cycles 98 °C for 10 s, 63 °C for 30 s and 72 °C for 1 min. To reduce GC and size bias in PCR, the PCR reaction was monitored using qPCR with 4 µl of the PCR-amplified library, 1 µl of PPC (Nextera DNA Library Prep Kit, Illumina) and 5 µl of 2×SyBr Green Master (Applied Biosystems). The library was amplified for a total of 18 cycles. The libraries were purified using QIAquick PCR Purification Kit (Qiagen) and quantified using Qubit High Sensitivity dsDNA Kit (Invitrogen Life Science). Library quality was assessed using the Agilent Bioanalyzer High-Sensitivity DNA kit (Agilent Technologies). Libraries were sequenced on the Illumina HiSeq 2500, with 2×100 bp reads by the Einstein Epigenomics Core.
The raw reads of ATAC sequencing were adapter-and quality-trimmed using Trim Galore (version 0.3.7). Reads before and after trimming were subjected to quality checking using FastQC (version 0.11.4). Alignment to human reference genome (GRCh37.73) was performed using bowtie2 (version 2.2.3; option: -X 2000). Duplications were removed using Picard tools (version 1.119). Reads with low mapping quality (MapQ<30) were discarded. Open chromatin regions as ATAC sequencing peaks were called using MACS2 (version 2.1.1; option: callpeak -g hs -nomodel --shift -100 --extsize 200) (27) .
Mapabilities of all the peaks were estimated using Mapability score obtained from the USCS genome browser and >95% of peaks of both samples were in regions with highest mapability (Mapability score=100%). We used bedtools to determine if reads overlap with the peaks (requiring >= 1 bp overlap), and then checked if the peaks overlap with known TF binding regions reported in ENCODE (requiring 50% bp of peaks overlap with TF binding region; SI Appendix, Table S5 ). To check the consistency between our ATAC sequencing and RNA sequencing results, we compared enrichment of ATAC seq peaks at TSS of transcribed and untranscribed genes (FPKM>=1 and FPKM<1 respectively, SI Appendix, Fig. S15b ). The peak enrichment at TSS was calculated using HOMER (http://homer.ucsd.edu/homer/). Finally, we merged the open chromatin peaks called from sample F1 and M2 using bedtools (version 2.25.0) (28) to annotate somatic mutations.
5.
Huang Hotspot names in red and blue indicate the hotspots that previously reported in human studies and those that have been reported separately (Table S4 for details). Hotspot names underlined indicates the hotspots that were discovered in mouse an AID ChIPsequencing study (see Fig. S8 ). Yes  A19553_S3  9  1,849,367  T  T/T  T/G  T/T  T/G  Yes  A19553_S4 7 82,146,651
18 67,884,384
15 92,565,577
2 219,754,945
6 15,887,836
12 131,419,912
22 23,237,006 Yes  A19553_S4  22  23,236,114  T  T/T  T/A  T/T  T/A  Yes  BF2_S3 22 23,231,105
22 23,231,099 Yes  BF2_S3  14 107,179,846  T  T/T  T/C  T/T  T/C  Yes  BF2_S3 14 107,179,752
14 107,179,766
14 107,176,582 Yes  BF2_S3 14 107,176,501
14 106,329,284
14 106,329,193
14 106,327,764
14 106,327,696
14 106,327,631
14 106,114,148
14 106,112,156
14 106,112,113
14 106,112,047
14 106,326,618
14 106,326,599
12 17,249,753
12 105,146,950
16 27,897,755
18 52,738,117
3 137,521,081
15 93,157,749
10 120,845,303
17 68,893,498
19 53,727,460 
